The purpose of this study was to investigate the effect of turning movement on the three-dimensional moments at the ankle, knee, and hip joints. Data were collected using video cameras and force plate. Eight male recreational basketball players were tested during fast running (4.5m/s) and when cutting to the right or left off (+60, +30, 0, -30, and -60 ). The inverse dynamics approach was used to integrate the body segment parameter, kinetic and force plate data, and to solve the resultant joint moments. Greater abduction moments of the ankle, adduction moments of the knee and external rotation and adduction moments of the hip were found compared to values for straight running. Greater inversion and adduction moments of the ankle, abduction moments of the knee and hip were found compared to values for straight running.
Data processing. For each trial, 3D position data were determined from video analysis (60 Hz) and synchronized ground reaction forces were measured from on AMTI force plate at 240 Hz. An inverse dynamics approach was used to integrate the body segment parameter, kinematic and force plate data, and solve for the resultant forces and moments at the ankle, knee, and hip joints using Newton-Euler equations of motion. Statistical analysis. To minimize variability due to body differences, joint moments were normalized to body weight times leg length. Statistical analysis used the mean of five trials for each direction to characterize a subject's performance. Repeated measures ANOVA was used to evaluate the effect of turning direction on maximum joint moments. The dependent variables were maximum value of each joint moment for each direction (+60, +30, 0, -30, and -60 ). Follow-up comparisons were made with pared t-tests, controlling for Type I error by Holm's sequential Bonferroni procedure.
RESULTS:
Flexion-extension moments measured during straight running corresponded well with joint moment patterns in the literature for running (Buczek & Cavanagh, 1990; Gordon & Robertson, 1985; Simpson & Bates, 1990; Winter, 1983) . Mean 3D moments about the ankle, knee, and hip joint illustrating the effect of turning direction are shown in the following tables. Ankle. Turning movement did not affect dorsi/plantar flexion moments. However, the maximum inversion moment increased 142% (33 Nm) during +60 turning compared to straight running. Maximum abduction moment increased 200% (36 Nm) during +60 turning while maximum adduction moment increased 300% (35 Nm) during -60 turning compared to straight running. Knee. Maximum abduction and adduction moment increased with medial and lateral turning; 130% and 750% compared to straight running. Maximum internal rotation moment increased only slightly with medial turning movement. Maximum extension moment increased 60% (92 Nm) during +60 turning compared to straight running. Hip. Flexion-extension moments were unchanged with turning while maximum internal rotation moment increased 140% (37 Nm) during -60 turning and maximum external rotation moment increased 280% (115 Nm) during +60 turning compared to straight running. Maximum abduction and adduction moments increased 300% with lateral and medial turning, respectively. DISCUSSION: Medial cutting movements. Greater abduction moments of the ankle, adduction moments of the knee and external rotation and adduction moments of the hip were found compared to values for straight running. Greater ankle abduction (external rotation) moments may help enable decelerating external rotation of the upper body and opposite leg. Greater adduction moments of the knee and hip may support the weight of the body which is medial to the knee and hip. These moments keep the body from moving toward the stance leg during medial turning. Greater hip external rotation moments may serve to slow external rotations of the pelvis and opposite leg. Lateral cutting movements. Greater inversion and adduction moments of the ankle, abduction moments of the knee and hip were found compared to values for straight running. Greater ankle adduction (internal rotation) moments may help enable rotating of the upper body and opposite leg externally. During lateral turning there was greater movement of the upper body and opposite leg to the pivot leg producing larger translations of the whole body center of mass. Inversion movement at the ankle joint is produced by structures such as muscles (foot invertors) and ligaments. Although there was greater ankle inversion moment during lateral turning, the ankle was stabilized by external eversion moment of the vertical
